- 1 - 



PLL FREQUENCY SYNTHESIZER USING CHARGE PUMP 



BACKGROUND OF THE INVENTION 

Field of the Invention: 



1 ^ 10 



15 



20 



H» invention relates to a PLL fJSq55H5y 

synthesizer, anymore particularly to a PLL frequency 
synthesizer for dkving a charge pump using an output from 
a phase comparator\ f or comparing a phase of a frequency of 
a generation voltage of a voltage-controlled oscillator 
with a phase of Preference frequency, and driving the 
voltage-controlled(j£^i la tor using an output from the 
charge pump, thereof output ting a signal having a set 
desired frequency 



Descriptioir~ot the Prior Art 



A generally used PLL frequency ^^1^-^^-^ 
charge pump usi\g an output from a phase comparator, and 
drives a VCO usAg an output from the charge pump. The 
charge pump can beWen by various methods. The current 
mainstream is to dVa4, or absorb a current from the charge 
Pump in accordance^ with an output from the phase 
comparator. 

The charge pump constituted in this manner can easily 
increase the current value with a simple structure. 
However, when a voltage at the output terminal of the 
25 charge pump comes close to the power supply voltage or 
ground voltage, the DC bias of an element (generally using 
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an FET) for performing drain/absorption operation upon 
reception of a signal from the phase comparator greatly 
changes to disturb the drain/absorption balance. 

Japanese Unexamined Patent Publication No. 10-107628 
discloses a frequency synthesizer for keeping the natural 
angular frequency constant by controlling the power supply 
of a phase comparator. 



ln\the frequency synthesizer disclosed in Japanese 
Unexamined Patent Publication No. 10-107628. the power 
10 supply of W phase comparator is controlled in the above 
manner. Hokver. the phase comparator itself is recently 
integrated an IC . so tt ls not practloal ±n 

conslderatioVAf the popularity of current synthesizer ICs 
to control the\ power supply of only the phase comparator 
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SUMMARY OF THE INVENTION 



The present invention has been made in view of the 
foregoing problems of the prior art, and has as its object 
to provide a PLL frequency synthesizer for reducing the 
20 possibility of disturbing the drain/absorption balance of 
a charge pump in the PLL frequency synthesizer using the 
charge pump. 

In order to achieve the above object, according to a 
first aspect of the present invention, there is provided a 
25 PLL frequency synthesizer for driving a charge pump using 
an output from a phase comparator for comparing a phase of 



• frequency „ f a generatlon voltage ^ ^ 
voltage-controlled osolllator w±th a phase Qf a ^^^^^ 
frequent. and driving ^ voltage _ controlled osolllator 
using an output from the charge ^ _ 
» having a set deslreiJ freguenoy charaoterlzea ±n 

that when an output voltage and an output current Qf ^ 
charge pump oome olos£ t „ ^ ^ 

voltage of the voltage-controlled oscillator is changed to 
cancel a change in input voltage of the voltage-controlled 

10 oscillator. 

Another aspect of the present invention lies in an 
arrangement in wh i oh a vco power supply V o lta g e set ting 
device ls added t „ a convent±onal freguenoy 

synthesizer. 

" m the m frequency synthesizer having this 

arrangement, when the output voltage and output current of 
the charge pump come close to their driving limits. the 
power supply voltage of the VCO automatically changes to 
cancel a change in input voltage of the VCO. This enables 
20 the PLL to operate very stably. 

in the present invention, an apparent lock range is 
widened by controlling the power supply voltage of the VCO 
using a set frequency so as not to extremely 
increase/decrease the output voltage of the charge pump. 
25 [0011] 

in the prior art. when the control voltage of the VCO 
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^ de ° reaSe ln sensitivity or stop 

°-llati„ g . However . ±nvention cm ^ 

the possibility of causlng thege phenomena 

As is cle ar l y understOQd from forego±ng 
accordi„ g to thB present lnventio ^ input o " 

the vco can he kept almost oonstMt regar(jiess ^ 
level of the oscill at ion freguen(=y of ^ ^ 

— rdi „ giy . the output vQltage Qf 
aces not go extremely ^ Especiai ^ ^ ^ 

ourrent-driven c harg e pump . ourrents generate(j 
operation an a absorpt io„ ^ ^ ^ 

« *tead y . sm all ourrents geneMte<j ^ opeMtions 
also reduce. Even tne output frsguency ^ 
VCO 6 is expected to reduce. 

Further. a0 corai„ g to the p res e„t invention, the 
input vo ltag e o f the VCO does not co„,e ver y close to the 
Power suppiv voltag e or grou „d. Oscillation o f the VCO 
- he prevented from st op plng . and ohanges ^ 
■0 sensitivi ty by . change in input vQltage om ^ suMrassea 

Accordi„ g to the present invention, the power suppl y 
of the vco retires o„l y si m pie oc control, and i s har dl y 
"tested into an lc . Therefore , ^ PLL f re 9 uen oy 
-hesi 2 e r is nore praotloal f 

7 S1Kr dlS — - — -e^ined p ate „t 
Publication No. 10-107628. 
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Japanese Unexamined Patent Publication No. 10- l0 7628 
does not describe or suggest any osoillation ^ by ^ 

control voltage of the VCO. The present inventlon _ which 
^scribes the oscillation limit in detail. has novelty. 

The above and many other objects. features and 
advantages of the present invention win become manifest 
to those skilled in the art upon making reference to the 
following detailed description and accompanying drawings 
m which preferred embodiments incorporating the principle 
10 of the present Invention are shown by way of illustrative 
examples . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig- 1 is « block diagram showing the circuit of a 
PLL frequency synthesizer according to an embodiment of 
15 the present invention; 

Fig. 2 is a circuit diagram showing an arrangement of 
a VCO shown in Fig. i ; 

Fig. 3 is a block diagram showing the arrangements of 
a controller and VCO power supply voltage setting device 
20 shown in Fig. l ; and 

Figs. 4A to 4C are graphs showing voltage changes at 
respective points in frequency switching operation, in 
which Fig. 4A is a graph showing an output from a charge 
Pump. Fig. 4B is a graph showing the power supply voltage 
25 of the VCO. and Fig. 4C ls a graph 3hoMlng ^ 
control voltage of the VCO. 



DETAILED DESCRIP TIO N OF THE PREFERRED EMBODIMENTS 

An embodiment of the p resen t invention will be 

described below with reference to 

rence to the accompanying 

drawings . 

5 Fig. 1 ls a block dlagMm ^^.^ ^ ^ 

PLL frequency synthesiser according to the embodiment of 
the present invention. 

As shown i„ Flg . 1# ^ ^ 
reference frequency generator 1. reference divider 2 
10 ph.se comparator 3. charge pump 4. low-pass f ilt er (LP F) 
voltage-controlled oscillator (vco, 6 . prescaler 7 
controller s. vco power supply voltage setting device 

and buffer amplifier in mu rt 

pntier 10. The circuit outputs a frequency 

swltchable by the controller e. 
5 A reference signal generated by the reference 

frequency generator 1 is ai v ide d by the reference divider 
2- The vco 6 generates an output signal having „ 
frequency corresponding to the voltage value of an output 
signal f rom the LPF 5. The generated signal branches to 
the buffer amplifier !o and prescaler 7. and is 
frequency-divided by the prescaler 7. 

The signal frequency-divided by the reference divider 
2 and the signal frequency-divided by the prescaler 7 are 
spared by the phase comparator 3 which outputs to the 
charge pump 4 pulse signals proportional to the frequency 
difference and phase difference between the two signals 
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The charge pump 4 outputs an output signal to the LPP 
5 on the basis of the pulse signals output from the phase 
comparator 3. The LPF 5 smoothes the output signal from 
the charge pump 4 to remove an RF component, and controls 
> the vco s using the result. The vco 6 outputs a 
variable-frequency signal in accordance with an external 
modulation input. 

The frequency division values of the reference 
divider 2 and prescaler 7 are arbitrarily set by the 
10 controller a. The VCO power supply voltage setting device 
9 arbitrarily sets a power supply voltage applied to the 
VCO 6 under the control of the controller 8. The buffer 
amplifier 10 amplifies and outputs a signal from the vco 6. 
Fig. 2 is a circuit diagram showing an arrangement of 
15 the vco 6 shown in Fig. 1. 

The VCO 6 is a Kind of modified Colpitis -clapp 
oscillator. An input signal from the low-pass filter 5 
and a power supply voltage applied from the VCO power 

supply voltage setting device o 

ng aevice 9 are respectively input 

20 from positions shown in Fig. 2. 

I" Fig. 2. reference symbol a denotes a 
variable-capacitance diode (varicap diode,. By changing a 
DC bias applied to the variable -capacitance diode a . the 
capacitance of a capacitor component in a resonant circuit 
■■5 changes to change the oscillation frequency. 

Fig. 3 is a block diagram showing the arrangements of 
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the controller e and VCO power supply voltage setting 
device 9 shown in Fig. 1. 

As shown in Fig. 3. the controller 6 is made up of a 
memory 11 storing varlous paran|eters _ a cpu ^ ^ 

5 performing control cased on parameters and the like stored 
in the memory u, a control voltage generator 14 for 
generating a control voltage for controlling a power 
supply voltage generated by the VCO power supply voltage 
setting device 9 in accordance with an instruction from 
10 the CPU 12. and an oscillation frequency setting frequency 
division number designating unit 13 for setting the 
frequency division numbers of the reference divider 2 and 
prescaler 7 in accordance with an instruction from the CPU 
12. The VCO power supply voltage setting device 9 is 
15 comprised of a voltage/current source 15 for generating a 
fundamental voltage/current, and a voltage determining 
portion variable resistor 16 for varying its resistance 
value depending on a control voltage from the control 
voltage generator 14. 

The CPU 12 in the oontroller „ oaiculates a vcQ pQwer 
supply voltage suitable for the frequency at the same time 
as oscillation frequency setting operation, and sends the 
result to the VCO power supply voltage setting device 9 
A signal from the oscillation frequency setting frequency 
25 division number designating unit 13 is sent to frequency 
division number setting registers (neither is shown, i„ 
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the reference divider 7 *r>* ^ 

xuer z and prescaler 7. 

The VCO power su PP ly voltage ^.^ ^ ^ ^ 

Power su PP ly voltage appllefl ^ 6 m ^ 

information from the controller 8. 

* ™e option of this embodlment ^ expiained 

with reference to the accompanying drawings. 

When the circuit in Fin ^ «,+. w n 

F lg . i stably outputs a signal of 

-ingle f regency, the controller a changes the frequency 
value of the referenoe aivider 2 ^ ^ 

in order to change the frequency of the signal 

^nce a difference exists between a desired frequency 
-d the current frequency. the out P ut of the phaS e 
orator 3 becomes unbal anced. As a result, the out P ut 
voltage of the charge pump 4 rises or drops. 

in this case, the controller , sends a control signal 
to the VCO power supply vo lta g e setting device , i„ 
accordance wltb a prospective frequency to be locKed after 
switching. The vco power supply voltage setting device , 
*<«usts the power supply vo itage of the vco 6 ln 
20 accordance with the signal. 

By changing the po „er supply v „i tage of the VCQ f 
the bias of the oscillator in the internal circuit change; 
to change the oscillation frequency. m other words, even 
if the control voltage of the VCO « har dly changes, the 
25 frequency can be greatly changed. 

Figs. 4A to 4C are graphs showing voltage changes at 
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F rr ve points ±n fre — — . 

th. vco 6 . and Fig . 4C ±s a graph showing 

° rdlMte ~p~ se „ ts the voltage , and the abgol 

zrr the iapse time - These ~ « ~- 

along the abscissa. 

I» vco e, an input from „ lc „. pass ^ 

are C o m p letely lndependant of ^ ^ ^ 
two inputs _ synohron±zea Bith eaoh othar 
the time axis. 

T„ e gist of tne present invent±on ±s 
volta ge thB vco 6 does ohMge ^ 

oration freguency ohMges TherefQre _ ^ 

; T din s3 ~- - «*« - oharge pump 

4, two inputs cancel each other an* 

Gr ' and the control voltage 

of the VCO 6 rarely changes. 

The buffer amplifier- in 

mpixfier io ma i nly protects th& WQQ 

T m Var±ati0nS - - — porti on of the pll 

S - the — -e presence/absence of the buffer 
amplifier lo is irrelevant to the gist of ^ 

tne gist of the present 

aaopt a Plurality of reference d±viders 2 ^ 
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prescalers 7. 

In the embodiment shown in Fig , 
assumes an inteJli «. controller 8 

- -~ r SyStem ^ UP " " 

output krWrm*»«„ ""wever, the 

*£ftguency may exhibit disc™** v, 
three small m h ■ Chan 9 es such as 
^l^jnedxum, and large changes 



